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Giventhe broadnesof the subject

thiswill be anoverviewof someselectedtopics

Apologizesf someinterestingtopics(andreference$ will not be
covered
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Dark Matter 26.80//' &

Planck Collaboration, arXiv:1807.06209
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Dynamicamechanisnfor the generation of thenatter-antimatterasymmetry(BAU in the
primordialUniverse

Violationof BaryonNumber(B);

Violationof C and CP:;

Necessaryequirements =

A.D.Sakharowismazh.Eksp.Teor.F& (1967)32-35, JETP .
Lett.5 (1967)24-27, Sov.Phys.Usp4 (1991)5, 392-393 Departurefrom Thermal Equilibrium



The Standard Modalannotsuccesfullyaccount for the BAUNe needto look forPhysicdeyondthe Standard

Model.

DirectBaryogenesignechanisimwhich createddynamically

/ abaryonantibaryonasymmetry

Baryogenesis
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Leptogenesiskirstdynamicalgeneration of depton
asymmetry Conversion of th&eptonasymmetryinto a baryon
asymmetry e.g. by B_Sphalerons

Source » State(s)generatingthe asymmetrye.qg.
| out-of-equilibriumdecayingheavy
Oy L neutrino
PRZe
—
Systemof 2f (1 YI y Qél*) & Detailsof the systendependon the
equations QY specificmodel

—



Mechanisnfor generation of neutrino mass.

(Originalidea from M.Fukugidaand T.Yanagidd&hys Lett.
B174 (1986) 487)

Leptogenesis
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Connection withother observables -

Leptogenesisequiresviolation of
the lepton number(LNV)

- EXxperimentatests

e.g
NeutrinolessDoublebetadecay

Searchesf extraneutrinos



Searches Low energy LHC
experiments
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Leptogenesisrom Resonant.eptogenesis
OSClllathniARS) A.Pilaftisand T. E. UnderwoodNucl Phys B692, 303 (2004)
AsakaEijima Ishida 1112.5565 A.Abada H.Aissaoui M. Losada0406304 |
AsakaShaposhinokqw505013 -
AkhmedoyRubakoySmirnov 9803255 v ThermaILeptogeneSIS
Le pt09€n95|ﬁ0m LPV M. Fukugidaand T.Yanagidd&hys Lett. B174 (1986) 457
: W. Buchmulley P. Di Bari, MPlumacherarXiv:0401240
decayOf the nggS R. Barbiere, EEreminellj A.Strumig N.Tetradis

T.Hambyeand D. Teresi arXiv:1606.00017

Eijima Shaposhniko703.06085
Eijima Shaposhnikgvlimiryasov1808.10833



Case of studyinteractionresponsibleof 0 pMTPQW

asymmetrygenerationassociatedo Out-of-equilibrium (L-violating) decaysof right-handed

rig ht_handed(sterile) neutrinosinvolved neutrinosproducedin the EarlyUniverse CRasymmetry
generatedby interferencebetweentree leveland loop

diagrams

IN the mass generation @ifctive
neutrinos

U p TIOQwW

Example®f other possibilitiegnot exhaustivdist):

Asymmetrygenerated L-violatingdecaysof the Higgs
L. Covi, FRoulet F. Vissani 9605319 by CFviolating
S.Antush S. F. King 0405093 oscillationbetween
L.Boubekeuy T.Hambye G.Senjanovi®404038 extraneutrinosand R
T.Hallgren T.Konstandin T.Ohlson0710.2408 activeneutrinos 4
T.Hambyel212.2888 NS

N\

T.Rink W.RodejohannK.Schmit22006.03021 N ,




ARS Leptogenesis

A.Abada G.A., VDomcke M. Lucentel709.00415 (AhkmedovRubakoVSmirnov)
G.Ghiglierj M. Laine1703.06087, 1811.09171

HernandezKeki¢ LopezPavon RackerSalvadal606.06719
A.Abada G.A., VDomcke M. Lucente 1507.06215 asymm etryby Sp halerons

Convertednto baryon

Canetti,Drewes FossardShaposhniko208.4607
AsakaEijima Ishidg 1112.5565

AsakaShaposhinokqw505013
AkhmedoyRubakoySmirnov 9803255 / \

Righthandedneutrinos

thermallyproducedin Early
Universewith CRviolating
oscillations

Asymmetryconverted
Into asymmetrybetween
activeflavors

P

Asymmetryin the activesectoractsasbackgroundpotential
andenhanceghe asymmetryin the RHsector
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ARS3_eptogenesisequiresextraneutrinosto be at most
asheavyasfew tensof GeV.

0.001
Possibilityof testsfrom low energyexperiments =5
10‘6 -
A. Atre, T. Han, S. Pascoli, B. Zhang 0901.3589
E.J. Chun et al, arXiv:1711:02865
A.Abada C.Hati, X. Marcano, A. Miexeira arXiv:1904.05367
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Limits on Light Extra Neutrinos
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Theminimalrealizationof the ARS$nechanisnrequiresa pair of almostmass degenerate heavggopposedto activeneutrinos
neutrinos

E.J. Chun et al, arXiv:11.02865
M. Drewes B.Garbrecht D. Gueter J.Klaric1609.09609
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Leptogenesisrom:

Oscillations

h:lgm. -|"i':|'_r.;."‘:B'E"luIII

(Seealso
Eijima Shaposhnikow 703.06085
Eijimg Shaposhnikqwlimiryasov
1808.10833)

T.Hambyeand D. Teresi arXiv:1606.00017 |
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ARS Leptogened®m 3 heavyneutrinos

Degeneracyemovedfor leptogenesigrom 3 (or moreneutrinos
(Drewesand Garbrecht arXivi206.5537
P.HernandezM. Keki¢ J.LopezPavon J.RackerN. Ruis1508.03676)
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Leptogenesis In low scakeesawmodelsis very promisingfor the
variety of experimentalests

[ S na&onsidersome intermediate scalscenariosp 1 "0Q



TeVscaleLeptogenesis in-Rmodel
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Test masslegeneracyhrough chargeasymmetriesn w decays.
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P
current LHC limit
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Wg mass [TeV]

P.S.B. Dev, Rlohapatrg Y. Zhang, 1904.04787
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